Awake craniotomy offers an advantage of intraoperative assessment of neurological functions, which allows surgeons to restrict the resection if the neurological status of the patient is deteriorating. Hence, the surgeon is able to avoid postoperative neurological deficits. Awake craniotomy has, therefore, contributed significantly to the art of safe neurosurgery, especially by ensuring the adequate functional capacity of the patient. [2, 10, [16] [17] [18] [19] [20] [21] [22] Furthermore, awake craniotomy avoids risks for general anesthesia, with significantly reduced operative time, Intensive Care Unit admissions, number of arterial lines and catheters, and overall length of hospital stay. [10, 11, [23] [24] [25] [26] [27] Review Article History A wake craniotomy is a neurosurgical procedure of performing craniotomy under local anesthesia. The patient is conscious and maintains interaction with the surgery team. It is now the preferred technique of surgery in eloquent areas considering reduced postoperative deficits and improved quality of life. [1] [2] [3] The documentation of awake craniotomy procedure dates back to the 17 th century for epilepsy treatment. [4] The idea of brain mapping with the use of electrical stimulation in humans was expressed in 1874 by Bartholow, who using an electrode stimulated the regions of cerebral cortex through a defect in the skull due to infiltration of epithelioma. [5] In late 1920s, Penfield used mild current to map brain of patients with intractable epilepsy. [6] He intended to reproduce the aura, his patient observed before seizure activity. This would allow him to locate the source of seizure, which he could then remove or destroy. He documented his experiences with the awake craniotomy, and his operating technique was successful and reproducible. [7] [8] [9] Awake craniotomy has played a key role in modern neurosurgery moreover in the developed countries. [10, 11] 
SURGERY SHORT REPORTS
Awake craniotomy is a neurosurgical approach, in which patient is operated under local anesthesia to assess his neurological function intraoperatively. It has multiple advantages over craniotomy under general anesthesia, mainly including improved postoperative neurological status, lower length of hospital, and lower overall cost of hospital stay. Awake craniotomy is commonly practiced in the developed world; however, its role in developing country is limited. Considering the benefits that awake craniotomy offers, it can contribute significant socioeconomic benefits to a developing country, especially with reduce expenditure on health care as well as maintenance of functional capacity of patients to continue work. Development of awake craniotomy in a developing country is a challenge. Multiple hurdles must be overcome before considering the possibility of the procedure. One of the key hurdles is limitation of resources. Others include neuroanesthesia training, extent of disease, and patient selection. Patient's awareness or literacy rate is also a factor to be considered, especially in developing countries where it can be difficult to explain the procedure to the patient. The authors have successfully implemented awake craniotomy in Pakistan recently and have shared how they managed to overcome the hurdles in their case. The hurdles are considerable, but they can be overcome with efforts. The program will be highly beneficial to a developing country and should be attempted for betterment of health-care facilities available to the population.
Postoperative neurological deficits in a patient after craniotomy under general anesthesia lead to reduced functionality, hence compromised the quality of life. The patient is very likely to discontinue his employment and hence becomes functionally and financially dependent on his family. [28] [29] [30] The situation is much worse if the patient was a bread earner for the family, in which postoperatively, the family suffers not only loss of a source of income but also an extra financial burden, compromising the quality of life of an entire family. This aspect is really important in developing countries where limited or no financial support is provided by the government for individuals with the functional disability. Developing country suffers significant economic burden due to neurosurgical diseases. It worsens when the affected patients suffer permanent neurological deficits, which lead to their inability to perform employment or self-care. [28] [29] [30] This compromises the overall workforce of the nation as well as places more burdens on the society. [28] [29] [30] [31] Therefore, awake craniotomy does not only contribute advantages at an individual level but also at national level. It reduces the overall economic burden in case of neurosurgical diseases due to its decrease utilization of resources and overall lower cost at individual level. Reduced postoperative deficits in patients after awake craniotomy allow continuance of employment, thereby causing minimal compromise in the working force of the country.
additional beneFits
Awake craniotomy is more effective in preventing postoperative motor deficits with the use of modern equipment, such as neuronavigation and tractography. [3, 32] Therefore, the program of developing awake craniotomy in a hospital will also lead to introduction of such modern equipment. These can then also be used for craniotomy under general anesthesia, like to reduce the size for craniotomy. The entire neurosurgery team of the hospital can be trained for it and then operated patients with more sophisticated equipment to obtain better future results.
Awake Craniotomy in Developed Countries
Awake craniotomy is a common practice in the developed part of the world, hence extensive studies are available on it from the developed countries. [10, 11] As early as 1988, anesthetic experience of 327 awake craniotomies was published by Archer et al. [33] Large series of 200 cases who underwent awake craniotomy surgery for brain tumor over a period of 7 years was published in 1999. [11] Awake craniotomy has been a popular technique of surgery in developed countries since then. [34, 35] In the developed world, awake craniotomy is now being practiced for a range of patient characteristics. There have been recent articles about the performance of awake craniotomy in pregnant women for brain tumor as well as in children. [36, 37] The developed world is also using the technique for infratentorial lesions and even nontumor lesions, such as arteriovenous malformation and for clipping aneurysms. [38] [39] [40] [41] Awake craniotomy has also been reported to be used as an outpatient procedure. [25, 26] 
Awake Craniotomy in Developing Countries
Availability of awake craniotomy in developing countries is rare, yet successful programs have been documented. To the best of author's knowledge, the first case of awake craniotomy in a developing country was documented in India, where surgeons performed awake craniotomy on a 32-year-old male in 1998. [42] First series of awake craniotomy in Thailand and Iran was reported in 2000 and 2013, respectively. [24, 43] In 2013, Howe et al. discussed their experience of the initial cases after developing awake craniotomy in Indonesia, Ghana and Nigeria, and also in parts of China. [23] The authors of this article had recently published their case series of awake craniotomy in Pakistan. [44] Our article is the first publication regarding awake craniotomy from the country, which discussed the first 16 cases of awake craniotomy and their outcomes. It is an initial report of our experience of awake craniotomy and mainly focuses on the hurdles of developing awake craniotomy in Pakistan. [44] The senior author now performs awake craniotomy for all eligible patients and has moved away from craniotomy under general anesthesia for supratentorial craniotomy for tumor excision. To the date of this article, the senior author has performed around forty awake craniotomies, and so far, none has been converted to craniotomy under general anesthesia. Figure 1 shows a picture of a patient undergoing awake craniotomy at our institution.
Hurdles for Awake Craniotomy in Developing Countries

limitation oF resources
Pioneering the procedure in a developing country is not an easy task. Many hurdles have to be overcome before the technique can be offered to patients as shown in Figure 2 . The restriction of resources is the primary barrier in a developing country. Awake craniotomy demands significant advance training and equipment, mainly availability of neuronavigation to perform accurate and smaller craniotomy for brain tumors. An example of operative settings can be visualized in Figure 1 . It improves safety, decreases the overall time of surgery, and indirectly reduces the cost as well. Efficiency is further improved by the use of tractography to preserve important white matter tracts. Furthermore, availability of preoperative functional imaging and intraoperative mapping of the brain further improves the postoperative neurological status of the patients. [3, 32] In Pakistan, only a few centers have all these facilities available because such installations increase the overall cost of developing awake craniotomy. Therefore, most locally trained neurosurgeons are not trained to use these important adjuncts, hence reluctant for the initiating step. Since the patient is awake throughout the procedure, it also requires for the main operating surgeon to be present throughout the procedure because the patient expects to communicate with the surgeon.
neuroanesthesia
Comparing awake craniotomy and craniotomy under general anesthesia, surgical technique in either case is not of much difference. The primary difference is due to the anesthetic management. Various techniques have been reported which include monitored anesthesia care, asleep-awake-asleep, or awake-awake-awake approach. [45] Depending on the expertise and available resources, one can adopt any one of them. Therefore, the anesthesiology team requires sufficient training for the procedure in a high volume center, especially to control any intraoperative pain and complications. One of the most common complications includes intraoperative seizures, [46] which if not controlled can lead to induction of general anesthesia. Other possible issues include settling patient anxiety, managing hypertension, tachycardia, cerebral edema, and respiratory distress. [18] Such training could not be achieved in our country due to nonavailability of this procedure until recently. This requires exposure of the anesthesia team to a high volume center performing awake craniotomy, further increasing the cost for the program. In addition, many times, all the required medications and equipment are not readily available at a center in the developing country, leaving the anesthesiologist with fewer drug options to optimize patient care intraoperatively. In our program, a team comprising the neurosurgeon, anesthesiologist, and support staff was sent abroad for the necessary exposure required. The team trained for awake-awake-awake approach and successfully implemented it into our setup. The results were commendable, and the technique proved to be an example for transfer of knowledge and skills across the globe for health-care development.
patient awareness
Patient-related factors also play a significant role in availing the benefits of awake craniotomy. The low literacy rate of the country contributes to reducing awareness of the procedure in population and understanding its need. The reluctance of patients increases immediately when they hear about a "brain surgery with patient awake." Patients doubt the safety of the surgery and fear the intraoperative stress. The patient psychology is, therefore, a challenge for the surgeon, to ensure the patient is able to acquire benefits of awake craniotomy. In addition, the low level of education of patients in a developing country may make the task more difficult. The patient must, therefore, be provided counseling and special sessions for information regarding the surgery where the patient is made aware of the procedure with visits to the operative room. In our experience in Pakistan, patients were counseled by the neurosurgeon, anesthesiologist, and their teams regarding the benefits of the program. All the concerns of the patients were answered. Special sessions were conducted by the neurosurgery and anesthesiology team, which included presentations, visits to the operating room, and showing the drapes with which the patient will be covered and different noises they will hear mainly including the monopolar, bipolar, and drills. The senior author believes that this exercise helps on the day of the surgery with reduce anxiety and increase compliance of the patient.
Another issue faced in our setting was the language barrier in case of few patients, in which case a translator was called, whether a relative from patient's family or a professional hired. Similar protocol was followed in terms of counseling and special sessions. Intraoperatively, the translator was allowed to sit next to the patient, and he used to translate the surgeon's commands to the patient.
disease extent
The extent of the disease is also a concern in the developing country. Due to financial constraints being common, patients tend to visit a neurosurgeon much later in course of the disease. This causes significant neurological deficits, especially in the case of invasive brain tumors, before the patient can be offered awake craniotomy. In these cases, the awake craniotomy is less likely to be beneficial as the patient will not be able to perform the requested neurological assessment intraoperatively, like due to dysphasia or confusion. Furthermore, it is a difficult decision for the surgeon to let the patient suffer the stress of an awake surgery.
patient selection
Even after setting up the facility, patient selection is one of the key aspects to be a concern for. The developed world is now performing awake craniotomy on a variety of patient's characteristics such as children or pregnant women or lesions such as infratentorial tumors. [37, 38, 47] Such is not preferred in a developing country during the early period primarily due to the risks involved and lack of experience of the surgical team. The patients preferred should be alert and oriented adults, who are willing and possess an adequate understanding of the procedure. It is extremely important that the patient selected for the surgery must be compliant. Conversion of awake craniotomy into craniotomy under general anesthesia due to patient noncompliance has been widely reported in the literature of the developed countries. Although the low risk of it will always be present in all patients, it should be avoided as much as possible by ensuring adequate counseling and a special session for information on the surgery.
The hurdles are significant but manageable. If these are overcome, awake craniotomy shows significantly improved results in terms of its socioeconomic benefits in the developing countries. [23, 44] The technique may initially be started at a single institution of a developing country. That institution can then further develop the program in other institutions, ensuring transfer of technology and benefit to entire population.
A recent study by Howe et al. presented their experience about teaching and implementing awake craniotomy in six neurological centers of low-to middle-income regions of Indochina and Africa. [23] The study included 38 cases of brain tumors and discussed about majority of our mentioned issues, which included limitation of resources and training for the procedure. It also concluded awake craniotomy to be very beneficial for a developing country in terms of postoperative deficits, hospital stay length and overall cost for a patient, and the national economical burden of surgical diseases. In Table 1 , few studies on awake craniotomy from the developing countries, including Pakistan, are described.
Conclusion
Developing awake craniotomy is a daunting challenge in developing country like Pakistan, especially due to its high initial cost and training of the surgery and anesthesia teams. The task is yet achievable and should be pursued due to its overwhelming long-term better outcomes for a developing country. The team performing awake craniotomy at our institute has evolved with time by gaining valuable experience and now is shifting focus to training other teams from developing country interested in starting awake craniotomy at their institute.
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